Introduction
Chronic lymphocytic leukemia (CLL) is a clinically heterogeneous disease originating from B lymphocytes that may differ in activation, maturation state, or cellular subgroup. CLL is the most common form of adult leukemia in Western countries; almost 15,000 men and women were diagnosed with this B-cell malignancy in the United
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Background: Historically, alkylator-based therapy has been used to treat patients with chronic lymphocytic leukemia (CLL). More effective therapies, such as the use of monoclonal antibodies in combination with chemotherapy, have been shown to prolong both progression-free survival and overall survival. Improvements in the identifi cation of prognostic markers for CLL, as well as novel combinations for chemoimmunotherapy regimens, have improved the outcome for patients with CLL.

Methods: We examine the diagnosis of CLL, the role of prognostic factors in determining treatment goals, and current data on front-line management of CLL.
Results:
The benefi ts of single-agent and combination therapies are associated with prolonged progression-free and overall survival. While more aggressive management may therefore be warranted, each patient's comorbidities and performance status must be weighed against the benefi ts, availability, cost, treatment goals, and incidence of adverse effects associated with each therapy.
Conclusions: New single agents and novel treatment combinations have shown promising results in phase I/ II studies. The ultimate therapeutic goals of prolonged survival and improved quality of life will be validated only by ongoing clinical and laboratory research and by continuous enrollment of patients in clinical trials.
States in 2010, resulting in more than 4,000 deaths.
1 An apparent decrease in incidence, from 3.5 per 100,000 population in 1973 to 2.3 per 100,000 in 1990, may refl ect progress in our ability to distinguish CLL from other chronic leukemias. CLL is primarily a disease of the elderly, with the median age of 72 years at diagnosis. CLL occurs twice as often in males as in females, and it is most common in the Caucasian population. 2 No etiologic factor has been identifi ed for CLL, although a few carefully conducted studies have been performed. CLL is one of the few leukemias that does not appear to be associated with prior exposure to ionizing radiation, chemicals, or drugs, and it is the only leukemia where no hard evidence has been found to correlate an association with atomic bomb explosions. 3, 4 Approximately 20% of patients with this disease have relatives with CLL or another lymphoid malignancy, although no genetic linkage has been identifi ed.
Historically, CLL was considered to be an indolent and incurable disease. Nonetheless, the clinical course is highly variable. Some patients survive for decades, whereas others develop aggressive disease and die within 2 to 3 years of diagnosis. 2, 5 For more than half a century, alkylator-based therapy such as chlorambucil or cyclophosphamide has been used to treat patients with CLL. More effective therapies, including the use of monoclonal antibodies in combination with chemotherapy, have been available since the late 1990s, and these have been shown to prolong both progression-free survival (PFS) and overall survival (OS). More aggressive management may therefore be warranted for patients with early-stage disease. However, since more than two-thirds of CLL patients are older than 65 years, treatment needs to be tailored to each patient's fi tness level, and the presence of comorbidities needs to be taken into account when treatment decisions are being contemplated. 6 This review examines the diagnosis of CLL, the role of prognostic factors in determining treatment goals, and current data on front-line management of CLL.
Clinical Presentation, Diagnosis, Staging, and Risk Stratifi cation
Patients with CLL are generally asymptomatic at presentation, and the diagnosis is often made incidentally when lymphocytosis is noted at the time of a routine evaluation. Workup includes a complete blood count, peripheral blood smear examination, and physical examination with attention to node-bearing areas, including sizes of liver and spleen. Bone marrow biopsy is not required for the diagnosis. 7 CLL cells arise from polyclonal expansion of CD5+ B lymphocytes, which are transformed into a monoclonal population by mutational agents. Neoplastic CD5+ cells accumulate in the lymph nodes and spleen due to the loss of apoptosis, by either the overexpression of an oncogene or the loss of a tumor suppressor gene. The presence of B-cell lymphocytosis of at least 5 × 10 9 /L for 6 months or longer is diagnostic for CLL. An examination of the peripheral blood demonstrates monomorphic, small, round B lymphocytes with a narrow border of cytoplasm and a dense nucleus. Immunophenotyping of CLL cells shows expression of CD5, CD19, and CD23, as well as dim expression of CD20 and CD79b. 7 The clinical staging of CLL is based on physical examination and complete blood counts alone. The two widely used staging systems are the Rai 8 (used primarily in the United States) and the Binet 9 (used in Europe). The value of each system lies mainly in its prognostic implications for survival. Staging does not identify who may have indolent or progressive disease, and it does not predict response to treatment. With both staging systems, patients with the most advanced stage have a predicted survival time of 1 to 2 years, while patients with the lowest stage of disease have a median survival time of more than 10 years (Table 1) . 8, 9 Döhner et al 10 determined that chromosomal abnormalities may be identifi ed in more than 80% of CLL cases. These cytogenetic abnormalities can be identifi ed by fl uorescence in situ hybridization (FISH) analysis and may be the most meaningful predictor of disease progression at this time (Table 2) . It is important to note that the aberrations are not stable, and it is imperative to analyze the whole panel of FISH markers on repeat testing before later treatment decisions are made. 10 In addition to clinical staging, traditional prognostic factors for stratifying the risk of disease progression have included high serum levels of β 2 -microglobulin and soluble CD23, short lymphocyte doubling time (< 6 months), and diffuse bone marrow infi ltration. The mutational status of immunoglobulin heavy chain variable region (IgVH) genes and the expression of ZAP70 and CD38 are other predictors of disease progression that have been identifi ed recently, but these should not be used to individualize treatment selection outside of a clinical trial at this time. 11 Currently, no evidence has shown that asymptomatic patients with high-risk disease features benefi t from early treatment. The only clear exception is symptomatic patients with 17p deletions or p53 mutations since this may warrant therapy with agents that act independently of p53.
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Goals of Therapy
Historically, the goal of treatment for CLL patients has been palliation of symptoms, and treatment was usually continued until disease-related symptoms were resolved. In 2008, the International Workshop on Chronic Lymphocytic Leukemia 7 affi rmed the guidelines established by the 1996 National Cancer Institute Working Group for initiation of treatment for CLL. These indications include autoimmune cytopenias, progressive bone marrow failure, rapid lymphocyte doubling time, progressive splenomegaly and/or lymphadenopathy, and constitutional symptoms related to CLL, including fatigue, fever ≥ 100.5ºF for ≥ 2 weeks, ≥ 10% weight loss in the preceding 6 months, and night sweats (Table 3) . 7 More than 80% of patients who are symptomatic will also have lymphadenopathy and, less commonly, splenomegaly and/or hepatomegaly.
The Cancer and Leukemia Group B (CALGB) 10501 trial is currently studying whether early intervention affects long-term outcome for patients with high-risk features, but currently no data are available to support early therapy for high-risk CLL patients who do not meet established criteria for treatment. In addition, CLL7, a randomized study of the German and French CLL study groups, has recently completed recruitment of patients to determine whether early treatment with chemoimmunotherapy would be benefi cial for patients with high-risk features.
Single-Agent Chemotherapy
Chlorambucil
Chlorambucil (Leukeran), an alkylating agent, has been the gold standard of treatment for CLL patients for more than 40 years. It is rapidly absorbed from the gastrointestinal tract; peak plasma concentrations occur within 1 hour after ingestion. The dosage and schedule of administration vary greatly, but the two most commonly used approaches are low-dose continuous therapy (0.08 mg/ kg per day) every 4 to 8 weeks and pulsed intermittent therapy (0.4 to 1.0 mg/kg) every 3 to 4 weeks until there is a response. Responses are attained in approximately 30% to 70% of previously untreated patients, although few of these are complete responses (CRs). 12 With the advent of newer agents, chlorambucil has fallen out of favor in the United States. However, results of the German CLL Study Group (GCLLSG) CLL5 trial suggest the drug still has a role -particularly in elderly patients with decreased performance status -due to its oral availability, minimal cost, and low incidence of adverse effects. 13 
Fludarabine
Fludarabine (Fludara) is the most extensively studied purine analog for the treatment of patients with CLL. Several prospective randomized phase III trials comparing single-agent analogs (eg, fl udarabine, cladribine, and pentostatin) with alkylating agents (eg, chlorambucil) have demonstrated signifi cantly superior overall response (OR) and CR rates for previously untreated patients treated with fl udarabine. 13, 14 However, fl udarabine did not have a statistically signifi cant effect on OS time in any of these trials, including the recent long-term followup CLL5 trial of the GLLSG 13 that compared fl udarabine with chlorambucil as single-agent treatment for elderly patients (Table 4) . 13, 14 Single-agent fl udarabine treatment has also proven to be more advantageous than combination regimens such as cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) and cyclophosphamide, doxorubicin, and prednisone (CAP) for inducing CR rates in the range of 7% to 40%, but it has not been demonstrated to improve survival.
15
Bendamustine Bendamustine (Treanda) is a novel bifunctional alkylating agent that contains a benzimidazole ring and has structural similarities to both alkylating agents and purine analogs. It is a nonspecifi c cytostatic drug that causes single-and double-stranded DNA breaks. In addition, it activates many proapoptotic genes, thereby restoring p53-dependent tumor suppressor function and causing a strong activation of intrinsic apoptosis. Bendamustine differs from other alkylating agents by its capacity to activate a DNA-damage stress response and apoptosis, inhibit mitotic checkpoints, induce mitotic catastrophe, and activate a base-excision DNA-repair pathway rather than an alkyltransferase DNA-repair mechanism. Also, bendamustine can downregulate genes important in mitotic checkpoint regulation. The unique structure of bendamustine and these observations of function may explain its potential clinical activity in CLL patients with resistance to alkylating agent-based therapy. 16 Bendamustine has been used for more than 30 years in Germany, where it was originally synthesized in the 1960s, but it was only recently (2008) approved by the US Food and Drug Administration (FDA) for treating CLL patients in the United States. Its approval was based on results of a multicenter European phase III trial in which 319 previously untreated patients with CLL were randomized to one of two treatment groups: oral chlorambucil (0.8 mg/kg on days 1 and 15, every 28 days) or bendamustine (100 mg/m 2 on days 1 and 2, every 28 days). Treatment was continued for 6 cycles or until disease progression. Results of the study demonstrated that bendamustine had a superior outcome, with OR and CR rates of 67% and 31%, respectively, vs OR and CR rates of 30% and 2%, respectively, in the chlorambucil group. It is important to note that the dosage and number of cycles of chlorambucil administered were less than optimal, which may account for the lower OR rate than that previously reported in other studies. Median PFS was signifi cantly extended with bendamustine (22 months with bendamustine vs 8 months with chlorambucil). However, OS was not changed by bendamustine. Nausea and vomiting were only modest with this agent, and there was no alopecia. The incidence of grade 3/4 infection was similar in both groups (8% with bendamustine and 3% with chlorambucil).
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Combination Chemotherapy
Fludarabine Combinations
In an attempt to achieve synergism and increase response rates, purine analogs and alkylating agents have been studied in combination due to their different mechanisms of action and toxicity profi les. Fludarabine plus cyclophosphamide (FC) is the most thoroughly studied chemotherapy combination for CLL. Three large prospective, randomized, multicenter studies comparing FC to fl udarabine monotherapy have shown that the combination improves OR, CR, and PFS (Table 5) .
18-20 However, OS was not signifi cantly increased by the combination therapy in any of these studies, with one exception: the GCLLSG CLL4 trial demonstrated improved OS among the combination-treated non-high-risk patients (ie, those not exhibiting a del(17p) or a p53 mutation). Of note, FC caused more grade 3/4 neutropenias but did not increase the rate of severe infections.
Cladribine Combinations
Cladribine (Leustatin) is another purine analog that has been investigated for possible effectiveness as a fi rstline therapy for CLL patients. In one multicenter trial, cladribine plus prednisone was compared with chlorambucil plus prednisone. 21 The cladribine group had a signifi cantly higher CR rate than the chlorambucil group had (47% vs 12%, respectively) and a signifi cantly longer PFS. However, as was the case with fl udarabine, survival was not extended by treatment with the purine analog. A large randomized Polish trial was undertaken to assess whether cladribine combinations would offer any advantage over fl udarabine combination therapy. This study compared single-agent cladribine with cladribine plus cyclophosphamide and with cyclophosphamide plus mitoxantrone in 479 previously untreated patients with progressive CLL. 22 The cyclophosphamide combination did not produce any benefi t in terms of PFS or response rates when compared with cladribine alone. In fact, none of the treatment groups showed a difference in OR, PFS, or OS. Grade 3/4 neutropenia and infections occurred more frequently in the combination arms than in the single-agent cladribine arm. 22 Hence, when used as fi rst-line treatment for CLL, cladribine combination therapies do not seem to offer any advantage.
Monoclonal Antibodies
CLL B cells express surface antigens CD20 and CD52 and thus are potential targets for therapy using the monoclonal antibodies rituximab and alemtuzumab.
Rituximab
Rituximab (Rituxan) is a chimeric murine/human monoclonal antibody directed specifi cally at CD20, but it has only modest activity in previously treated patients with CLL unless very high doses are administered. This is thought to be a result of the low density of CD20 on CLL cells. In addition, soluble CD20 has been observed in the plasma of patients with CLL, which might interfere with the binding of rituximab to the cancer cells and result in rapid clearance and negative pharmacokinetic effects. [23] [24] [25] When tested in a small trial as a front-line single-agent therapy for previously untreated patients with CLL, rituximab resulted in a modest OR rate of 51% after a front-line course, with the majority being only PRs. 26 In contrast, combinations of rituximab with chemotherapy have proven to be effi cacious therapies for CLL, as discussed below.
Alemtuzumab
Alemtuzumab (Campath), the anti-CD52 fully humanized monoclonal antibody, was recently approved for use in previously untreated CLL patients. Unlike rituximab, alemtuzumab has been shown to induce cell death in vitro in CLL cells through a mechanism that is independent of p53 status and caspase activation. 27 Several clinical trials have also demonstrated that it is effective, particularly in patients with high-risk cytogenetics such as del(17p) and del(11q).
28-31
Alemtuzumab administered subcutaneously demonstrates decreased side effects, particularly infusion-related reactions, without altering effi cacy rates. Lundin et al 32 treated 41 CLL patients with subcutaneous injections of alemtuzumab as fi rst-line therapy for up to 18 weeks. The OR and CR rates were 87% and 19%, respectively, and the median time to treatment failure was greater than 18 months (the actual median time had not yet been reached at the time of this report). The treatment was generally well tolerated, with adverse events mainly consisting of local injection site reactions. Cytomegalovirus (CMV) reactivation occurred in 10% of patients. These promising results spurred investigators to undertake a phase III randomized trial comparing alemtuzumab with chlorambucil as fi rst-line therapy in 297 patients with treatmentnaive progressive CLL. 29 Patients were randomized to receive either intravenous alemtuzumab (30 mg 3 times weekly for up to 12 weeks) or oral chlorambucil (40 mg/m 2 every 4 weeks for up to 12 cycles). This study demonstrated superior response rates for alemtuzumab compared with chlorambucil (OR rates of 83% vs 56% and CR rates of 24% vs 2%). Median PFS time was also increased in the alemtuzumab arm, with a 42% reduction in risk of progression or death. No difference was noted between the two arms in terms of grade 3/4 hematologic toxicities. However, 52% of patients in the alemtuzumab a The German CLL Study Group (GCLLSG) randomized 375 patients to fl udarabine 25 mg/m 2 IV daily for 5 days, vs fl udarabine 30 mg/m 2 IV daily for 3 days plus cyclophosphamide 250 mg/m 2 IV daily for 3 days, every 28 days for 6 cycles. Thirteen patients were excluded because of violations of inclusion criteria (4 patients due to wrong diagnoses, 3 due to missing consent forms, and 6 due to concomitant disease). Eleven patients were lost to follow-up. Survival data were available in 351 patients, response data in 328 patients, and toxicity data in 346 patients. arm developed CMV reactivation compared with only 2% in the chlorambucil arm. 29 It is important to note that alemtuzumab effi cacy in the fi rst-line setting has been established only relative to chlorambucil. For this reason, and because of the immune suppression associated with its use, alemtuzumab is not generally utilized as single front-line therapy for CLL patients. Furthermore, chemoimmunotherapy has provided improved results.
Chemoimmunotherapy
Fludarabine/Rituximab
Since in vitro data showed evidence for a synergy between rituximab and fl udarabine, several phase II trials have investigated combinations of rituximab and fl udarabine. In the fi rst such trial, Schulz et al 33 examined the safety and effi cacy of fl udarabine plus rituximab for 31 previously treated or untreated patients with CLL. The OR rate was 87%, and the CR rate was 32%. The median duration of response was 75 weeks.
The CALGB 9712 randomized phase II trial involved 104 previously untreated patients with CLL. 34 The trial compared combinations of fl udarabine and rituximab administered either concurrently or sequentially. The patients all received 6 cycles of fl udarabine (25 mg/m 2 intravenously per day on days 1-5, every 28 days). In the concurrent treatment arm, rituximab was also administered (375 mg/m 2 per day on days 1 and 4 of cycle 1 and on day 1 only of cycles 2, 3, 4, and 5). Two months after the last fl udarabine cycle, patients then received 4 additional weekly doses of rituximab. In the sequential treatment arm, rituximab was administered only as the 4 weekly doses, beginning 2 months after the fl udarabine cycle 6. After a median follow-up time of 23 months, the OR and CR rates were higher in the concurrent arm (90% and 47%, respectively) than in the sequential arm (77% and 28%, respectively). The median PFS and OS had not yet been reached. All 104 patients in this CALGB 9712 trial were compared retrospectively with 178 patients in the CALGB 9011 trial who received only fl udarabine. The inclusion criteria of the two trials were identical. The patients in the fl udarabine/rituximab arm had higher OR and CR rates (84% and 38%, respectively) than the patients receiving fl udarabine alone (63% and 20%, respectively).
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Fludarabine/Cyclophosphamide/Rituximab
Keating et al 36 performed a single-institution phase II trial adding rituximab to fl udarabine and cyclophosphamide (FCR) in 300 patients with previously untreated CLL. FCR resulted in an OR rate of 95%, with a CR in 72%; the 6-year OS and failure-free survival rates were 77% and 51%, respectively. Interestingly, the CR rate was significantly higher for patients with β 2 -microglobulin of less than twice the upper limit of normal. Median time to progression was 80 months. Toxicity in this study included predominately cytopenias and associated infection. Eight patients developed treatment-related myelodysplasia.
Due to the promising results demonstrated in this trial, the GCLLSG CLL8 undertook a prospective randomized trial involving 817 previously untreated CLL patients that compared FC with FCR. Patients received 6 cycles of fl udarabine 25 mg/m 2 on days 1 to 3 and cyclophosphamide 250 mg/m 2 on days 1 to 3, with or without rituximab 500 mg/m 2 on day 1 (375 mg/m 2 on day 1 of cycle 1) repeated every 28 days. After a median observation time of 37.7 months, the OR rate was higher in the FCR group than in the FC group (95.1% vs 88.4%) and more CRs were reported (44.1% vs 21.8%). The median PFS at 2 years was 51.8 months in the FCR group and 32.8 months in the FC group. Superiority of OS was observed only in patients with Binet stage A and B disease. In addition, FCR did not improve the PFS or OS of patients with del(17p). However, those patients with del(11q) appeared to benefi t from FC combination therapy, which induced a response rate in 100% of patients treated with this combination. FCR was more frequently associated with Common Toxicity Criteria (CTC) grade 3 and 4 neutropenia (34% vs 21%), but this did not translate into increased infections. 37 Major residual disease (MRD) negativity refers to the eradication of leukemic cells assessed by four-color fl ow cytometry or allele-specifi c oligonucleotide polymerase chain reaction. The importance of eradicating MRD was confi rmed by Boettcher et al 38 in a trial (GCLLSG CLL8) demonstrating that median PFS depended on the ability to eradicate MRD in the peripheral blood. Clear-cut differences in median PFS were observed between patients demonstrating levels < 10 -4 (not reached), ≥ 10 -4 and < 10 -2 (34 months) and ≥ 10 -2 (15 months). Furthermore, 67% of patients receiving FCR achieved MRD < 10 -4 compared with only 34% of FC patients, thus accounting for the improved PFS with FCR. With the demonstration of signifi cant improvement in PFS, in 2010 the FDA approved the use of FCR for treating previously treated or untreated patients with CD20+ CLL. 39 With the goal of maintaining the high response rate previously achieved with FCR therapy while reducing the toxicity of that regimen (of particular concern due to the high proportion of elderly patients in the CLL population), Foon et al 40 undertook a study involving FCR therapy with lowered doses of fl udarabine and chlorambucil (designated "FCR-Lite"). This study involved 50 previously untreated patients with CLL. The dose of fl udarabine was reduced to 20 mg/m 2 per day on days 2-4, and cyclophosphamide was reduced to 150 mg/m 2 per day on days 2-4 during cycle 1 and on days 1-3 in cycles 2-5. Rituximab was dosed as 375 mg/m 2 on day 1 of cycle 1, then at 500 mg/m 2 on day 1 of cycles 2-5 and on day 14 of each cycle. Maintenance rituximab was administered every 12 weeks until progression. Measured according to the 2008 guidelines from the International Working Group on CLL, the CR rate was 77% and the OR rate was 100%. At a median follow-up 2.4 years, all complete responders remained in CR except 1 patient who died of a myocardial infarction. Grade 3/4 neutropenia was documented in only 13% of the cycles, 40 which is substantially lower than that observed with the traditional FCR regimen. 36 Based on these results, this regimen might warrant further testing in larger trials.
Pentostatin/Cyclophosphamide/Rituximab
In an attempt to reduce myelotoxicity, investigators have substituted pentostatin for the fl udarabine in the FCR regimen. Phase II trials studied the safety and effectiveness of pentostatin, cyclophosphamide, and rituximab (PCR) combinations administered to previously treated 41 or untreated 42 patients with CLL. It was concluded that the PCR combination had signifi cant clinical activity with only modest toxicity. 41, 42 As was observed with the fl udarabine combination, patients with del(11q) had PFS results similar to those of patients without this aberration, again suggesting that cyclophosphamide may be an important addition for this subset of patients. 42 Reynolds et al 43 conducted a multicenter, community-based phase III trial that compared PCR with FCR in 184 previously untreated or minimally treated CLL patients. The OR rates were similar in the two groups (45% in the PCR group vs 57.5% in the FCR group). However, the CR rate was signifi cantly lower in the PCR group (7%) vs the FCR group (15%). Infection (temperature ≥ 101°F, with or without symptoms, requiring antibiotics) was the primary endpoint of the study, and there were no signifi cant differences in infection rates between the two treatment arms (31% in FCR and 34% in PCR). Even though the study was not powered to show a statistically signifi cant difference in OR rate between FCR and PCR, these fi ndings indicated that results from academic centers may not necessarily be reproducible in the community, due primarily to reduction in the ability to complete planned treatment courses.
Cyclophosphamide/Fludarabine/ Alemtuzumab/Rituximab
The cyclophosphamide/fl udarabine/alemtuzumab/rituximab (CFAR) regimen has demonstrated activity in highrisk patients, particularly those with β 2 -microglobulin levels of ≥ 4 mg/dL. Wierda et al 44 investigated the addition of alemtuzumab to FCR (CFAR). The CFAR regimen consisted of fl udarabine 20 mg/m 2 on days 3-5; cyclophosphamide 200 mg/m 2 on days 3-5; rituximab 375 mg/ m 2 on day 2 of cycle 1 or 500 mg/m 2 on day 2 of cycles 2-6; and alemtuzumab 30 mg intravenously on days 1, 3, and 5 every 28 days for up to 6 cycles. Patients received pegfi lgrastim as well as prophylaxis for Pneumocystis jirovecii pneumonia (PJP) and CMV.
Results from a phase II study conducted by Parikh et al 45 in previously untreated patients demonstrated an OR rate of 92% and a CR rate of 70% for the whole population. Grade 3/4 neutropenia was reported to be 31%, an incidence that is comparable to that seen with high-risk patients treated with FCR. At the time of this report, the median time to progression was 38 months, and the median OS had not been reached (49+ months). In the subset of patients with the high-risk features of del(17p) and unmutated IgVH status, remarkable CR rates were observed (57% and 73%, respectively); however, these remissions were not durable. While the results do not appear to be superior to those achieved with FCR, further investigation in a multicenter trial is warranted.
Bendamustine/Rituximab
The combination of bendamustine and rituximab (BR) has recently been studied in a multicenter phase II trial by Fischer et al 46 of the GCLLSG. The trial included 117 previously untreated CLL patients. Bendamustine was administered (90 mg/m 2 on days 1 and 2 every 28 days for up to 6 cycles) plus rituximab (375 mg/m 2 on day 1 in cycle 1 and 500 mg/m 2 in cycles 2-6). The OR rate was 90.9% and the CR rate was 32.7%. After 18 months, the median PFS had not been reached and 75.8% of patients were still in remission. Although the CR rate was lower than would be expected with FCR, the toxicity profi le was favorable, with grade 3/4 neutropenia and infection complications in only 6.5% and 5.1%, respectively, of all cycles. As a result of the substantial response rates, the ability of this combination to eradicate detectable MRD, and the modest toxicity observed in this trial, the GCLLSG is currently conducting a phase III study (CLL10) comparing BR with FCR in previously untreated CLL patients. Since the major advantage of the BR combination is reduced toxicity, this regimen may be particularly suitable for treatment of elderly patients or those with multiple comorbidities.
High-Dose Methylprednisolone Plus Rituximab
In a recent phase II trial conducted by Castro et al 47 that involved 28 previously untreated CLL patients, a high dose of methylprednisolone was administered together with rituximab. Methylprednisolone (1,000 mg/m 2 per day) was given on days 1-3 every 4 weeks for 3 cycles, and rituximab (total dose 4,500 to 6,750 mg/m 2 ) was administered weekly. At a follow-up of more than 3 years, the OR and CR rates were 96% and 32%, respectively. The patients more likely to respond were those who had lower β 2 -microglobulin levels and those without splenomegaly. Hematologic toxicity was minimal, with the majority (80%) of all adverse events limited to grade 1/2 in severity. Fever and neutropenia were noted, but there was no episode of sepsis. These results may be attributable to (1) the limiting of corticosteroid dose to 3 days compared with a 5-day dose used in previous studies of this combination, (2) the use of prophylactic antibiotics throughout the treatment and for 2 months afterward, and (3) the fact that this was fi rst-line therapy for these patients.
Cladribine and Rituximab
Bertazzoni et al 48 recently conducted a trial with previously treated (n = 16) and untreated (n = 27) CLL patients to assess the effi cacy of combined treatment with rituximab and cladribine. Patients received rituximab (375 mg/m 2 intravenously on day 1) and cladribine (0.1 mg/kg subcutaneously on days 2-6) every 28 days for 4 cycles, with a median follow-up of 2 years. In the previously untreated subset of patients, the CR rate was 54% and median time to treatment failure was 40.7 months. The treatment was fairly well tolerated, with 2 patients developing grade 4 neutropenia. The subcutaneous route of cladribine administration did not require hospitalization, and the absence of any local reaction made this a safe and easily performed regimen in the outpatient setting. However, due to the small numbers of this study, further investigation is warranted before routinely applying this combination to clinical practice.
Newer Agents of Interest
Ofatumumab
Ofatumumab (Arzerra) is a humanized monoclonal antibody directed at CD20. It appears to have greater potency in complement-dependent cellular cytotoxicity (CDC) than rituximab, as well as a slower off-rate and more stable CD20 binding. Furthermore, it appears to bind to a unique epitope of CD20 that is different from the one bound by rituximab. 28 There are no current studies evaluating its use as a single agent in previously untreated CLL patients. However, combination studies are being conducted to enhance the therapeutic effi cacy of ofatumumab. Wierda et al 49 recently conducted a phase II trial evaluating the combination of ofatumumab with fl udarabine and cyclophosphamide (O-FC). Sixty-one previously untreated patients received either 500 mg or 1,000 mg of ofatumumab on day 1, followed by fl udarabine (25 mg/m 2 ) and cyclophosphamide (250 mg/m 2 ) on days 1-3 every 4 weeks for 6 cycles. The CR rates were 32% in the 500-mg arm vs 50% in the 1,000-mg arm. The OR rates were 77% vs 73% in the 500-mg arm vs 1,000-mg arm. The most common grade 3/4 toxicities were infections, neutropenia, anemia, and thrombocytopenia.
Clinical trials to determine the effi cacy of ofatumumab for previously untreated CLL patients, in chemoimmunotherapy combinations comparable to those explored with rituximab, are ongoing. In addition, phase III trials will be required to prove the superiority of ofatumumab to rituximab in clinical practice.
Lenalidomide
Lenalidomide (Revlimid), an analog of thalidomide, is an immunomodulatory agent that is approved by the FDA for use in multiple myeloma and del(5q) myelodysplastic syndrome. The exact mechanism of action is unknown, but it is thought to be related to its inhibitory effects on angiogenesis and signal transduction as well as its effects of altering the immune system. 50 It has demonstrated activity in the relapsed CLL setting, but it is also recently being shown to have signifi cant effi cacy in the fi rst-line setting as well.
Chen et al 51 initiated a phase I study in which 25 previously untreated patients with CLL received lenalidomide (starting at 2.5 mg daily with monthly escalation to a target dose of 10 mg daily) for 21 days out of a 28-day cycle, for a median of 13 cycles. The OR rate was 56%, with no patient having a CR. Patients experienced major toxicity, including fatigue (78%), tumor fl are (88%), rash (48%), and grade 3/4 neutropenia (72%). Of note, these patients were reasonably high-risk: 75% had unmutated IgVH, and 33% had 17p or 11q deletions.
Ferrajoli et al 52 administered lenalidomide to 43 previously untreated CLL patients 65 years of age or older. The drug was given orally at 5 mg daily for 2 continuous monthly cycles. The dose was then increased by 5 mg per cycle up to a maximum of 25 mg. The median dose delivered was 5 mg to 10 mg. Grade 3/4 myelosuppression was observed in 26% of the patients and tumor fl are in 44%. The OR rate was 54%.
While these results demonstrate that lenalidomide may have activity in CLL, it is important to note that prolonged continuous therapy may be required for the highest-quality responses. In addition, the response rates observed may be lower than optimal for front-line therapy.
GA-101
GA-101 is a type II glycoengineered, humanized anti-CD20 monoclonal antibody that binds CD20 in a completely different orientation than rituximab and over a larger surface area. It has shown promising activity when given as a single agent to heavily pretreated patients with CLL, and it has a safety profi le for CLL patients similar to that observed in patients with non-Hodgkin lymphoma.
28
GA-101 is currently being evaluated in combination with chlorambucil in a phase II study with previously untreated elderly patients.
Special Considerations and Discussion
The National Cancer Institute Working Group 1996 guidelines, updated in 2008 by the International Workshop on Chronic Lymphocytic Leukemia, should be followed when deciding the appropriate time to initiate therapy in patients. 7 Indications for initiating therapy are summarized in Table 3 .
The addition of cyclophosphamide to fl udarabine in fi rst-line therapy resulted in only a partial improvement in CR, suggesting that the addition of rituximab to this combination is responsible for the increased CR rate seen with FCR. 28 The benefi t of cyclophosphamide is uncertain as there has not been a direct comparison of FCR vs FR. However, the CALGB 10404 trial is currently ongoing to determine whether FCR has an advantage over FR and, if so, whether the increased risk of second-ary acute myeloid leukemia associated with cyclophosphamide justifi es that advantage.
Hallek 6 recently proposed an algorithm for the selection of the best treatment option for patients requiring initiation of therapy. This algorithm is based on three important factors: the physical condition of the patient (regardless of age), the stage of disease, and the prognostic risk factors of the leukemia. For patients who fall into the "go go" category, as defi ned by having normal renal function (creatinine clearance > 70 mL/min) and a low score on the Cumulative Illness Rating Scale (CIRS), patients should be offered regimens such as FCR, which produce higher response rates and longer PFS and OS. "Slow go" patients are those who have significant comorbidities; the goal of treatment is to alleviate disease-related symptoms. These patients should be treated with agents such as chlorambucil, bendamustine with or without rituximab, or dose-reduced fl udarabine combinations. 6 Regimens that result in more MRD negativity, such as FCR, may be ideal for the "go go" group of patients, since MRD negativity has been shown to correlate with a longer PFS in some trials. The use of consolidation therapy with lenalidomide or alemtuzumab to achieve MRD negativity cannot be recommended because it has resulted in signifi cant, and sometimes fatal, toxicity despite improved survival rates. [53] [54] [55] Maintenance therapy or consolidation therapy with chemotherapy or immunotherapy has no established role in the treatment of CLL as no randomized trials have been performed to determine if any benefi t can be derived from this strategy.
To date, three studies have been published that examined the impact of prognostic markers on response to therapy in previously untreated patients with CLL. Results of these studies suggest that patients with highrisk cytogenetic and IgVH features respond unfavorably or have a shorter response duration when treated with chemotherapy or chemoimmunotherapy. Specifi cally, those who present with del(17p) or p53 mutations have poor responses to therapy and reduced survival time.
Ideally, this patient population should be enrolled in clinical trials (Table 6) . 20, [56] [57] [58] Hematopoietic stem cell transplantation (HSCT) should be considered only as fi rst-line therapy for younger, healthy patients with del(17p) or p53 mutations who are in their fi rst CR. These patients have a poor prognosis and tend to be resistant to fl udarabine-based therapies. Recent guidelines outlined by the European Group for Blood and Bone Marrow Transplantation recommend allogeneic HSCT as a reasonable treatment option for the aforementioned patient population. It is generally not a suitable option for the majority of CLL patients, most of whom are elderly and with disease that has an extremely indolent course. 59 Infections are a major cause of morbidity and mortality in CLL patients, mediated through humoral and cellular immunosuppression inherent to the disease itself and through the further immunosuppression caused by treatment. The frequency of infections is particularly increased after the use of alemtuzumab and high-dose corticosteroids. Bacterial infections are most common among CLL patients. However, because some of the newer therapeutic agents (alemtuzumab in particular) cause T-cell dysfunction, patients are at risk for CMV, Pneumocystis jirovecii pneumonia (PJP), herpes simplex virus (HSV), and Listeria monocytogenes. 60 Recent guidelines for the use of alemtuzumab include conducting routine monitoring for CMV by polymerase chain reaction analysis and instituting preemptive therapy when positive. The guidelines also include prophylaxis with sulfamethoxazole/trimethoprim and acyclovir for PJP and HSV, respectively. 61 Hypogammaglobulinemia is the most important immune defect in terms of the risk of severe bacterial infections. Supplementation with intravenous immunoglobulin should be considered in patients with CLL who experience frequent severe bacterial infections, particularly patients with encapsulated organisms. 60 
Conclusions
Over the past decade, major improvements in the identifi cation of new prognostic markers for CLL, as well as novel combinations for chemoimmunotherapy regimens, have extended both PFS and OS. Since CLL is primarily a disease of the elderly, treatment should be initiated only when warranted and must consider each patient's performance status, including comorbidities. For patients who do require therapy, several chemoimmunotherapy options (eg, FCR, FCR-Lite, BR) are available in the frontline setting, the choice of which should take into account the condition of the patient and the goals of treatment.
New single agents and novel treatment combinations have achieved promising results in phase I/II studies, results that now await confi rmation in randomized phase III trials. This approach will provide answers several questions: What is the optimal front-line therapy? When should treatment be initiated? Should MRD be used to monitor treatment effi cacy? Should treatment be tailored by specifi c prognostic markers? Our ultimate therapeutic goals of prolongation of survival and improvement in quality of life will continue to be validated only by ongoing clinical and laboratory research and by continuous enrollment of patients in clinical trials.
